Summary. Mean \ m=+-\ s.d. testosterone concentrations in the peripheral plasma of 21-and 22-day-old male fetuses (1\m=.\32\ m=+-\0\m=.\43ng/ml) were significantly (P < 0\m=.\05)higher than those in the umbilical venous plasma (0\m=.\37\ m=+-\ 0\m=.\08 ng/ml). Testosterone concentrations in umbilical venous plasma of male and female (0\m=.\29\ m=+-\ 0\m=.\06 ng/ml) fetuses and in peripheral plasma of female fetuses (0\m=.\36\ m=+-\0\m=.\10ng/ml) were not significantly different. Androsterone levels measured in umbilical venous plasma of male (11\m=.\5\ m= + -\ 2\m=.\5 ng/ml) and female (12\m=.\3\ m=+-\2\m=.\1ng/ml) fetuses were nearly as high as those in peripheral plasma (males, 12\m=.\9\m=+-\3\m=.\1;females, 13\m=.\3 \m=+-\3\m=.\5 ng/ml). There were high concentrations of androsterone in the placentas of male (33 \ m=+-\4 ng/g) and female (33 \ m=+-\ 5 ng/ml) fetuses, suggesting that this organ is the major source of fetal androsterone. We also conclude that a major part of the testosterone present in female fetuses is secreted by the placentas.
Introduction
Plasma concentrations of testosterone are higher in male than in female rat fetuses (Turkelson, Dunlap, MacPhee & Gerall, 1977; Slob, Ooms & Vreeburg, 1978 Weisz & Ward, 1980) although the values in female fetuses may occasionally exceed those of their male litter mates (Weisz & Ward, 1980) . There is evidence that the high prenatal testosterone concentrations in male fetuses are produced by the testes (Warren, Haltmeyer & Eik-Nes, 1973 ; Picon & Ktorza, 1976; Feldman & Bloch, 1978) , but the source of the testosterone in female fetuses is unclear. Since the ovaries are unlikely to secrete significant amounts of testosterone (Noumura, Weisz & Lloyd, 1966; Warren et al., 1973 ; Slob et al., 1980) and the testosterone levels in female rats decrease rapidly after birth (Slob et al., 1980; Weisz & Ward, 1980) , the site of testosterone production is presumably outside the female fetuses, e.g. male littermates and the placentas. It has been suggested that in polytocous rodents, androgens might diffuse from male fetuses into the circulation of the female fetuses (Clemens, Gladue & Coniglio, 1978; vom Saal & Bronson, 1980; Meisel & Ward, 1981) .
During pregnancy, the maternal serum androgen levels are elevated . Removal of ovaries, adrenals and fetuses from pregnant rats did not affect the androgen levels in their peripheral serum but when the placentas were removed serum androgen dropped dramatically . The placenta therefore seems to secrete androgens into the maternal circulation . Whether this organ also provides androgens to the fetuses is unknown.
The present study was undertaken to investigate the placental secretion of testosterone and androsterone into the fetal circulation. Androsterone was measured because incubations of placental tissue with progesterone or androstenedione resulted in the formation of large amounts of androsterone (Townsend & Ryan, 1970; Rembiesa, Marc hut & Warchol, 1972 
Results
In 21-day-old fetuses (Text- fig. la) , the testosterone concentration (1-32 ± 0-43 ng/ml) in peripheral plasma of male fetuses was significantly higher (P < 0-01) than that in umbilical vein plasma of males (0-37 ± 0-08 ng/ml) and females (0-27 ± 0-06 ng/ml) and peripheral plasma of females (0-36 ± 010 ng/ml). There were no significant differences between these last 3 values for testosterone concentrations.
Half of the plasma pools used for androsterone measurements had already been used for testo¬ sterone estimations. As shown in Text- fig. 1 (b) the mean androsterone concentrations in the peri¬ pheral plasma of male (12-9 ± 3-1 ng/ml) and female fetuses (13-3 ± 3-5 ng/ml) were as high as those in the umbilical vein of male (11-5 ± 2-5 ng/ml) and female (12-3 ± 2-1 ng/ml) fetuses. Weisz & Ward (1980) .
The lower testosterone concentrations in umbilical vein blood of male fetuses than in peripheral plasma show that a major part of the testosterone disappears from male fetal blood during circu¬ lation through the placenta. This might explain why plasma testosterone levels rise markedly in newborn rats during the first few hours after birth (Corbier, Kerdelhue, Picon & Roffi, 1978; Slob et al., 1980) . At birth the connection between fetus and placenta is broken so that the placental clearance of testosterone stops and the plasma concentration of this androgen rises. In contrast to the males, in female fetuses the testosterone concentrations in umbilical vein blood were almost as high as those measured in peripheral plasma. In female fetuses therefore testosterone is not cleared from blood that circulates through the placenta. These seemingly contradictory data could be reconciled if one assumes that the placenta itself contains testosterone. Indeed, it has been shown that the placenta possesses the enzymes to convert pregnenolone and progesterone into testosterone (Chan & Leathern, 1975) . Therefore, during circulation of fetal blood through the placenta, testo¬ sterone will exchange between fetal blood and placental tissue, so that the concentration of unbound testosterone in fetal umbilical vein blood will approach that in placental tissue. Since in female fetuses the gonads do not secrete testosterone, the testosterone levels in the peripheral plasma of female fetuses are similar to those found in umbilical vein blood.
The peripheral levels of androsterone were as high in male as in female fetuses. Since high levels of androsterone were present both in the placenta and in the umbilical vein plasma the placenta is probably the source of this 5a-reduced androstane compound in fetal plasma. This suggestion is supported by the fact that the progesterone concentration in the placenta is high (Csapo & Wiest, 1969) and that in this organ in vitro an active conversion of progesterone to androsterone occurs (Rembiesa et ai, 1972) . It is not known whether androsterone is formed exclusively from testo¬ sterone and androstenedione or also from 5a-reduced pregnane compounds. The latter steroids are present in large amounts after incubations of placental tissue with pregnenolone or progesterone (Townsend & Ryan, 1970; Rembiesa et ai, 1972; Chan & Leathern, 1975) .
Appreciable amounts of androgens occur in the peripheral plasma of pregnant rats de Greef et al., 1981) . Our data confirm the suggestion that the placenta might be a major site for the production of these androgens de Greef et al., 1981 ; Sridaran et ai, 1981) . The unexpectedly high levels of androsterone found in fetal (present study) and maternal plasma (de Greef et al., 1981) , and the extensive placental steroid metabolism, raises the question whether and in which amounts other 5a-reduced steroid compounds are present in fetal and maternal blood. This could be important since almost all testosterone-binding antisera have some cross reactivity with other steroids. Despite chromatography Weisz & Ward (1980) obtained large differences in concentrations of fetal plasma testosterone measured using four different antisera.
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